All reactions were conducted under an atmosphere of dry nitrogen. Chemicals including ethanethiol, cyclopent-4-ene-1,3-dione, 2-aminoethanethiol, N,N-diisopropylethylamine were purchased from Sigma-Aldrich. Biotin-NHS was purchased from Cayman Chemicals. All the reagents were used without further purifications.
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Synthesis and characterization of biotin-cyclopentane-1,3-dione (2) Preparation of 4-((2-aminoethyl)thio)cyclopentane-1,3-dione (Int)
A solution of cyclopent-4-ene-1,3-dione (150 mg, 1.6 mmol) in anhydrous DMF (0.5 mL) was added dropwise over 15 min to a heated solution of 2-aminoethanethiol in DMF (148 mg, 1.9 mmol). This mixture was stirred at room temperature (r.t.) overnight and concentrated under reduced pressure. The crude product was purified by flash column chromatography (SiO 2 , eluent: The collected flow-through was then analyzed by ESI-TOF MS, as described above. In a parallel experiment, H 2 O 2 treated (100 mM, 17 h incubation) or untreated AhpC adducts were incubated with 50 mM DTT at pH 7.5 for 1 hr, followed by Bio-Gel column treatment and MS analysis.
Labeling of oxidized AhpC and NIH 3T3 cell lysates with 2
Experimental procedures for labeling of C165S AhpC-SOH with 2 were the same as described above for 1. The reaction mixture contained 2 (5 mM) and 50 µM C165S AhpC-SOH protein in 50 mM Bis-tris-citric acid buffer (pH 5.5). The reaction was allowed to proceed for 4 hours and labeled C165S AhpC was analyzed by ESI-TOF MS, as described above.
NIH 3T3 cells were cultured to 95% confluence in complete media (DMEM High Glucose (Invitrogen) supplemented with 10% fetal bovine serum (FBS, Invitrogen) and 1% penicillin & streptomycin (Invitrogen)). Cells were washed with PBS three times and lysed using lysis buffer pH 7.5 (50 mM NaCl, 1 mM EDTA, 1 mM EGTA, 10% Glycerol, 1% Triton X-100, 25 mM NaF,10 µM ZnCl 2 , in citric acid/Na 2 HPO4 buffer supplemented with protease and phosphatase inhibitor tablets (Roche)). One μL of 1 M TCEP was added to 97 μL cell lysate, followed by addition of 2 μL of DTT free, pre-reduced AhpC protein (stock, 8.8 mg/mL). The reduction was continued at r.t for 1 h before adding 2 (final concentration, 1 mM). After 1 min, 0.7 μL 1 M citric acid was added
to 49 μL of the pre-reduced lysate to lower the pH to 5.5 and labeling was allowed to proceed at r.t. for additional 1 h. The same amount of AhpC protein was also spiked in non-TCEP treated lysate before the addition of 2. As controls, lysates without AhpC or without 2 were also included.
Three different concentrations of H 2 O 2 (50, 100, 500 μM, final) were used to oxidize cell lysates in the presence of 2 and for 1 min before lowering the pH to 5.5. Untreated samples were kept at r.t.
under aerobic conditions for 1 hr. Labeling was quenched by adding 15 μL 4x sample buffer (with ß-mecaptoethanol). Labeled cell lysates were then separated by SDS-PAGE and probed by
Western blot for incorporation of 2 using streptavidin-HRP. The blot was then stripped and reprobed for β-actin and AhpC. Enrichment in proteins labeled with 2 was performed as follows:
Equal aliquot of 200 μL sample (300 μg) under each experiment condition above was used for captavidin pull-down. Labeling with 2 (including control lysate without 2) was quenched by adding equal volume of 0.2 % SDS containing 10 mM TCEP (in critric acid/Na 2 HPO 4 buffer, pH 5.5).
Each sample was mixed with 50 μL pre-washed captavidin beads (Invitrogen) at 4°C for overnight. The following day, the beads were washed with 1 mL critric acid/Na 2 HPO 4 buffer at pH 4.5 and 5.5 twice, respectively. The beads were finally washed by 1 mL PBS. Labeled proteins were eluted with 50 μL NaHCO 3 /Na 2 CO 3 buffer (pH 10.0). The eluted proteins were mixed with 15 μL of 4x sample buffer (with ß-mecaptoethanol) for SDS-PAGE and Western blot with anti-PLCγ1
antibody.
LC-MS/MS analysis of AhpC labeled by 1 or 2
C165S AhpC labeled by 1 or 2 was digested using AspN and the resulting peptides were analyzed on a nano-LC system (Dionex Ultimate3000) coupled to a Thermo ESI LTQ mass spectrometer. Peptides were separated using a 60-min gradient of buffer A (0. value being 0.25 and dynamic exclusion of 100 s. The acquired raw data were processed using BioWorks software v3.3 (Thermo). Peptides were filtered by cross-correlation score (XCorr), i.e.
2.0 for singly charged peptide ions, 2.5 for doubly charged peptide ions and 3.0 for the triply charged ions.
ESI-TOF MS Analysis
ESI-TOF-MS analysis was performed on Agilent MSD TOF system in positive ion mode with the following settings: capillary voltage (VCap) 3500 V, nebulizer gas 30 psig, drying gas 5.0 L min -1 ;
fragmentor 140 V; gas temperature 325°C. The samples were injected at a flow rate of 20 µL min (Fig. S7) . Thus, it is likely the reaction proceeds through 1,4-addition or direct nucleophilic substitution as has been previously speculated 2 . Further work is needed to completely explain the mechanism and pH dependence of these reactions.
Besides the enhanced reactivity of 1 and 2 at low pH, the use of low pH will be beneficial for other two reasons, however: 1. the low pH would decrease the cross-reaction between sulfenic acid and free thiol groups from proteins and small molecules like GSH in cell lysate, since the equilibrium between thiol and thiolate will be shifted towards thiol state at lower pH. This in turn, will increase the amount of -SOH available for labeling with the probes described. 2. The low pH will prevent postlysis oxidation, which can lead to erroneous experimental results.
Stability of the sulfanyl group in 1 under DTT and H 2 O 2 treatment conditions
The potential retro-Michael addition of the sulfanyl group in 1 was investigated by treating AhpC-1 adduct with DTT. Data in Fig. S4A showed unchanged mass profile of AhpC-1 before and after DTT treatment. This is consistent with earlier results, which showed the stability of the thioether bond formed between thiol (from cysteine residues), and N-ethylmaleimide (NEM) analogues in the presence of reduced glutathione (GSH) 3 . The retro-Michael addition was observed only in intact cells when enzymatic reactions were possibly involved. Another example supporting the probe's insusceptibility to reduction is from Baker's group, which also shows irreversible modification of cysteines in Grb2 SH2 domain using NEM 4 .
Oxidation to sulfoxide and sulfone by however, oxidation of sulfanyl to sulfoxide and sulfone (Fig. S5B, 4th and 5th spectra) was observed, while control sample (AhpC-1,3-cyclopentadione) that was lacking this sulfanyl group showed no significant oxidation (Fig. S5A, 4th and 5th spectra). Oxidation of this control sample was however observed when the incubation with 10 mM H 2 O 2 was performed overnight (~ 40% oxidation) (Fig. S5C, 3rd spectrum) . This oxidation could occur at one of the three methionine residues present in AhpC or at the thiol ether bond between C46 and the 1,3-cyclopentadione.
By contrast, about 90% of AhpC-1 adduct was oxidized under the same conditions (Fig. S5D, 3rd spectrum) implying that about 50% of the sulfanyl group from probe 1 was oxidized. Sulfoxide and sulfone oxidation products of AhpC-1 adduct became dominant species at 100 mM H 2 O 2
